OBJECTIVES: Thoracoscopic surgery using internal intercostal nerve block, vagal block and targeted sedation without endotracheal intubation is a promising technique for selected patients, but little is known about its feasibility and safety.
INTRODUCTION
Since its introduction, video-assisted thoracoscopic surgery (VATS) has been a preferred alternative for treating patients with lung, mediastinal or pleural tumours [1] . For decades, intubated general anaesthesia with one-lung ventilation has been considered mandatory during VATS [2] . However, complications and adverse effects following intubated general anaesthesia and one-lung ventilation are inevitable, in spite of well-tolerated, including intubation-related airway trauma, residual neuromuscular blockade, ventilation-induced lung injury, arterial desaturation, impaired cardiac performance and postoperative nausea and vomiting [3] [4] [5] .
To reduce the adverse effects of tracheal intubation and general anaesthesia, thoracoscopic surgery without tracheal intubation has been recently employed for a variety of thoracoscopic procedures [6] [7] [8] [9] [10] [11] . Recently, we showed that non-intubated thoracoscopic lung resections could also be safely performed using epidural anaesthesia, vagal block and sedation [9, [12] [13] [14] [15] . The results currently achieved for thoracoscopic surgeries are promising.
In spite of these encouraging results, non-intubated VATS is commonly performed using thoracic epidural catheterization [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] , which is time-consuming, technically demanding and can cause unwanted neurological side-effects, although rare, but are devastating if they occur [17] . These issues urged us to develop an easier and less invasive anaesthetic alternative using internal intercostal nerve block to replace thoracic epidural anaesthesia. In this study, we report our experience with non-intubated thoracoscopic surgery using internal intercostal nerve block, vagal block and targeted sedation to treat patients with lung, mediastinal or pleural tumours. thoracic epidural catheterization. In our hospital, the thoracic surgical team, consisting of surgeons and anaesthesiologists, selected patients for non-intubated VATS after a review of their medical records and discussion with the patients. Patients considered appropriate for non-intubated thoracoscopic surgery have been previously described [9, [12] [13] [14] [15] . Patients with an American Society of Anaesthesiologists score of 4 or greater, a bleeding disorder, sleep apnoea, evidence of pleural adhesions by chest computed tomographic scanning or previous medical history, and unfavourable airway or spinal anatomy, or chest wall deformity were excluded. After explaining the type of anaesthesia and the surgical procedure, all patients gave their consent to a non-intubated technique. This study was approved by the Research Ethics Committee of National Taiwan University Hospital (approval no. 201302008RINC).
Anaesthetic setting, induction and maintenance
Anaesthetic management of non-intubated VATS has been described in previous studies with modifications [9, [12] [13] [14] [15] . Briefly, all patients were premedicated with intravenous fentanyl (50-100 μg). Standard monitoring included electrocardiogram, arterial blood pressure, pulse oximetry and respiratory rate. The end-tidal carbon dioxide was measured by insertion of a detector into one nostril [15] . A bispectral index sensor (BIS Quatro, Aspect Medical System, Norwood, MA, USA) was applied to the forehead of each patient to monitor the level of consciousness. The patients were then sedated with intravenous propofol (Fresfol 1%, Fresenius Kabi GmbH, Graz, Austria) using a target-controlled infusion method (Injectomat® TIVA Agilia, Fresenius Kabi GmbH, Graz, Austria). The level of sedation was set to achieve a bispectral index value between 40 and 60, and incremental intravenous injections of fentanyl 25 μg were given to maintain a respiratory rate between 12 and 20 breaths/min. The patients were placed in the lateral decubitus position. During the procedure, patients spontaneously breathed oxygen through a ventilation mask (Fig. 1 ).
Thoracoscopic internal intercostal nerve block and vagal block techniques
We used a three-port method to perform thoracoscopic surgery, as described by McKenna [18] . The detailed operating setting and procedures performed were described before [9, [12] [13] [14] [15] . Briefly, a 1.5-cm incision for a thoracoscopy was first created after local infiltration of 2% lidocaine at the seventh or eighth intercostal space in the midaxillary line. Another working port and a utility port (2-5-cm incision) were placed in the sixth or seventh intercostal space in the auscultatory triangle and anteriorly at the fifth intercostal space, respectively. The incisions were covered by Alexis wound protectors (Applied Medical, Santa Margarita, CA, USA) to keep them open. The operated lung collapsed gradually by spontaneous breathing of the patients after creating iatrogenic pneumothorax by thoracoscopic incisions (Fig. 2A) . During the surgery, the collapse of the operated lung was satisfactory for all kinds of procedures. Thoracoscopic intercostal nerve block was produced by infiltration of 0.5% bupivacaine (1.5 ml for each intercostal space) from the third to the eighth intercostal nerve under the parietal pleura, 2 cm lateral to the sympathetic chain with a 25-G top-winged infusion needle (Fig. 2B) . Furthermore, intrathoracic vagal block was produced by infiltration of 0.5% bupivacaine (3 ml) near the vagus nerve at the level of the lower trachea for right-sided procedures (Fig. 2C ) and at the level of the aortopulmonary window for left-sided procedures (Fig. 2D ). This vagal block effectively inhibited the cough reflex during thoracoscopic manipulation for 3 h or longer [15] . Occasionally, vagal block was repeated in prolonged operations.
At the end of the operation, the operated lung was expanded via manually assisted mask ventilation to check for air leakage. Then, infusion of propofol was stopped accordingly. After the operation, patients were fully awake and asked to breathe deeply and cough to expand the previously collapsed lung further.
Thoracoscopic surgery technique
Surgical techniques for thoracoscopic wedge resection, segmentectomy, lobectomy, mediastinal tumour excision and mediastinal lymph node dissection were described previously [9, [12] [13] [14] [15] . For thoracoscopic lobectomy and segmentectomy, pulmonary vessels bronchi and incomplete fissures were divided with endoscopic stapling devices. Assisted positive pressure ventilation via a facemask by anaesthesiologists was used to check the definite location of the resected bronchus after temporarily clamping the targeted bronchus. For thoracoscopic wedge resection, endoscopic stapling devices were introduced for partial lung resection including the tumour. For mediastinal or pleural tumour excision and mediastinal lymph node dissection, an endoscopic harmonic scalpel (Ethicon Endo Surgery, Inc., Johnson & Johnson Medical Spa, Somerville, NJ, USA) was used. Through the utility incision, the resected specimen was removed in an organ retrieval bag. After the operation, a 28-French chest tube was inserted through the lowest incision. Use of retractor, spreading and cutting of ribs were avoided in all patients.
Anaesthetic conversion
The attending surgeon and anaesthesiologist decided whether or not to convert non-intubated anaesthesia to intubated, one-lung ventilation in cases of ineffective analgesia, profound respiratory movement, massive pleural adhesions, persistent hypoxaemia (oxygen saturation on pulse oximetry <80%), unstable haemodynamic status or intraoperative bleeding requiring thoracotomy [15] . For conversion, the surgical wounds were first sealed with transparent waterproof dressings (Tegaderm Film, 3M Health Care, Neuss, Germany) after temporarily inserting a chest tube to re-expand the collapsed lung. The trachea was then intubated under the guidance of a bronchoscope, followed by lung separation using a bronchial blocker for one-lung ventilation. Change of the patient's position from lateral decubitus to supine position was not necessary.
Postoperative analgesics and care
For procedures longer than 2 h, the thoracoscopic intercostal nerve block was repeated before wound closure. Postoperative analgesia was administrated by patient-controlled analgesia with intravenous morphine (1 mg/ml) for 1-3 days. Patients who refused patient-controlled analgesia were given intramuscular morphine 5 mg on demand every 4-6 h. Additional analgesics, including acetaminophen and oral non-steroidal analgesics, were given once patients resumed oral intake 2-4 h after surgery. Chest radiography was checked immediately after surgery or on the next morning. On postoperative days 1 and 2, patients were asked to evaluate the intensity of postoperative pain using a numeric pain intensity scale where 0 represented no pain and 10 represented intractable pain. The chest tube was removed if no air leak was present and drainage was less than 200 ml in a 24-h period. An air leak was defined as prolonged when it lasted longer than 3 days. All postoperative complications were recorded.
Data collection and analyses
The clinical data, operative findings, operative and anaesthetic results, treatment outcomes, side-effects and complications and pathology of the lung or mediastinal tumours were collected from the medical records. The pain intensity data were collected from the nursing records. Continuous data are shown as median (range) and mean ± standard deviation; and categorical data as number (%).
RESULTS
From 2009 through July 2013, non-intubated VATS was performed on 405 patients. Among them, 109 patients underwent thoracoscopic intercostal nerve block, vagal block and targeted sedation for management of their lung, mediastinal or pleural tumours. The remaining 296 patients underwent thoracic epidural anaesthesia, vagal block and sedation for non-intubated VATS. The demographic data of the consecutive 109 patients who underwent intercostal nerve blocks are reported in Table 1 . The median patient age was 57 years, and 81 patients (74.3%) were women. The median body mass index of the patients was 21.9 kg/m 2 . The median lung tumour size was 1.2 cm. The pulmonary function of the patients was generally good, with a median forced expiratory volume in 1 s of 112.8% of predicted. The lung tumours were malignant in 77 patients (70.6%) including primary non-small-cell lung cancer (NSCLC) in 71 and metastatic lung cancer in 6. Twenty-eight patients (25.7%) had benign lung tumours, including intrapulmonary anthracosis (4), granulomatous inflammation (8), haematoma (6), organizing fibrosis (2), sclerosing haemangioma (1), tuberculoma (3) and solitary fibrous tumour (4). The remaining 4 patients had thymic cysts (2), mediastinal granulomatous inflammation (1) and pleural organizing fibrosis (1).
The types of VATS procedures performed are reported in Table 2 . Lobectomy with lymphadenectomy was performed in 43 NSCLC patients. Sublobar resection with lymphadenectomy was performed in 28 NSCLC patients with tumour size less than 2 cm, including segmentectomy (12) and wedge resection (16) . Wedge resection was performed in 28 patients with benign lung tumour and 6 patients with metastatic lung cancer. Tumour excision was performed in 4 patients with mediastinal or pleural tumour.
The operative and anaesthetic results are reported in Table 3 . The median duration of anaesthesia induction was 10.0 min, and the median operative duration was 127.0 min. During the operation, the median lowest oxygen saturation was 98%, even though the mean ratio of arterial oxygen tension to inspired oxygen fraction (PaO 2 /FiO 2 ) during one-lung breathing was significantly lower (236.3 ± 99.6) when compared with pre-or post-one-lung breathing PaO 2 /FiO 2 ratio (P < 0.001). The median highest partial pressure of arterial carbon dioxide during one-lung breathing was 48.9 mmHg. Conversion to intubated one-lung ventilation was required for 3 women (2.8%). One was a 74-year old NSCLC patient who had vigorous mediastinal movement when performing superior segmentectomy of the left lower lobe. Another was a 66-year old patient with a right lower lobe tumour who had dense adhesions between the lungs and the diaphragm. The other was a 59-year old NSCLC patient who had a profound respiratory movement interfering performance of a right middle lobe lobectomy. The conversions were all accomplished smoothly within 20 min with the aid of a bronchoscopy to correctly intubate the trachea and achieve one-lung ventilation using an endobronchial blocker. No patient required conversion to thoracotomy.
The postoperative results are reported in Table 4 . Postoperative side-effects requiring management included vomiting (8), sore throat (1), headache (1) and delirium (1) . Complications developed in 13 patients with air leaks lasting more than 3 days and 1 patient required blood transfusion because of postoperative haemothorax. The median pain intensity score was 2 on postoperative day 1 and 1 on postoperative day 2. The median duration of postoperative chest tube drainage was 2.0 days and postoperative hospital stay was 4.0 days. No deaths or major complications occurred.
DISCUSSION
We report on a novel anaesthetic technique for non-intubated thoracoscopic surgery using internal intercostal nerve block, vagal block and targeted sedation in selected patients. This nonintubated form of anaesthesia is feasible and safe for tumour excision, wedge resection, segmentectomy and lobectomy in selected patients with lung, mediastinal or pleural tumours.
VATS has become a common and globally accepted alternative in place of thoracotomy, especially since enhanced computed tomographic screening protocols can identify small tumours well [19] . Previous studies showed that thoracic epidural anaesthesia enabled a variety of VATS procedures to be performed without tracheal intubation [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The use of thoracic epidural analgesia, however, is not routinely applied with VATS, as it is with thoracotomy, because thoracic epidural analgesia is technically demanding, time-consuming and may cause adverse effects and serious complications [16, 17] . A recent survey in the UK found that thoracic epidural analgesia was used <10% of the time for VATS pleurectomies and lobectomies [20] .
Thoracoscopic internal intercostal nerve block has been used previously for postoperative pain control [21] . In this study, we demonstrated that multiple-level internal intercostal nerve block could be an effective alternative to thoracic epidural anaesthesia in many non-intubated VATS procedures. Under direct vision, the intercostal nerve can be rapidly and accurately blocked. The advantages of non-intubated VATS using intercostal nerve blocks instead of thoracic epidural anaesthesia are 2-fold. First, the median anaesthesia induction duration using intercostal nerve Continuous data are shown as median (range) and mean ± standard deviation, and categorical data as number (%). blocks is only about 10 min, which is significantly less than with our previous studies using thoracic epidural anaesthesia (around 30 min) [15] . Secondly, complications associated with thoracic epidural anaesthesia and analgesia can therefore be avoided [16, 17] . Applying intercostal nerve blocks for non-intubated VATS is not new, but it has only been applied for treating pleural diseases or peripheral lung lesions with short operation durations [22] [23] [24] . When anatomical pulmonary resections such as lobectomy or segmentectomy were performed, inhibition of bronchial tone and proper sedation are required. Our previous studies showed that cough reflex during pulmonary hilum manipulation can be abolished by intrathoracic vagal block [12, 13, 15] . Through the combination of intercostal nerve block, vagal block and sedation, prolonged and complicated VATS segmentectomy and lobectomy can be safely performed using our non-intubated technique. A comparison of different types of non-intubated anaesthesia techniques and applicable thoracoscopic procedures is provided in Table 5 .
In this study, 74.3% of the patients were women, with a median body height of 157 cm. Female patients with small body size are prone to have small tracheal calibre. Therefore, one-lung ventilation using a double lumen endotracheal tube for thoracoscopic surgery can increase the risks of intubation-related complications, including airway injuries, subglottic stenosis, sore throat and hoarseness. According to our experiences, we suggest that nonintubated thoracoscopic surgery is most applicable and might be beneficial in these selected patients [15] . Previous studies showed that non-intubated VATS can be performed in a wakeful state [6, 7, 10, 11, 16, 22] , we prefer to sedate our patients to an adequate anaesthetic depth, according to a bispectral index monitoring. By titrating the anaesthetic depth to a bispectral index between 40 and 60, we avoid both profound respiratory depression, caused by excessive sedation and body movement due to inadequate sedation. In this study, our patients tolerated these long and invasive lung resection procedures well and supplemental oxygen via facemask was enough to maintain satisfactory oxygenation. Although carbon dioxide rebreathing might occur during one-lung breathing, these patients experienced only mild hypercapnia, which was clinically irrelevant and resolved soon after termination of one-lung status and emergence from sedation.
Like previously encouraging results for non-intubated VATS using thoracic epidural anaesthesia [8, 9, [12] [13] [14] [15] , the operative and anaesthetic results were satisfactory in this study. Because muscle relaxants were not used, the patients resumed water and food intake between 2 and 4 h postoperatively. With early use of oral analgesics and intravenous morphine, either through patientcontrolled analgesia or on an as-needed basis, the postoperative pain intensity scores were low. Minor side-effects of vomiting developed in eight patients and were usually associated with use of morphine.
Conversion to intubated general anaesthesia was necessary in three patients because of vigorous respiratory movement in two patients and dense diaphragmatic adhesions in the other patient. Vigorous respiratory movement makes bronchovascular dissection difficult and dangerous when performing lobectomy or segmentectomy. Adhesions between the lung and the diaphragm are much more difficult to separate than those between the lungs and chest wall are during non-intubated VATS because of the large and uncontrollable amplitude of diaphragmatic motion during spontaneous one-lung breathing. The conversion rate to intubation was 2.8% (3/109) in patients using intercostal nerve block, which was similar to our non-intubated VATS cases under thoracic epidural anaesthesia [9, [12] [13] [14] [15] .
We acknowledge that this study was limited by its retrospective design and the lack of a control group for comparison. The tumours selected for this technique were mostly less than 3 cm in size. However, the low intubation conversion rate and the low complication rate indicate that our novel technique can be safely performed in selected patients. Further prospective investigations are suggested to clarify the applicability and benefits of this nonintubated VATS technique.
In summary, our experience showed that non-intubated thoracoscopic surgery using internal intercostal nerve block, vagal block and targeted sedation is technically feasible and safe. It appears to be an attractive and less invasive alternative for treating lung, mediastinal and pleural tumours in selected patients.
